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ABSTRACT 

 

People dedicate a limited time to their daily trips, so multimodal trips are penalized because 

they are usually longer than unimodal trips. 

In this field, it is necessary to assess if a specific public transport option could be a real 

alternative to car mobility. Data available from mobility surveys can be used to define a 

“comparative travel time ratio” (CTTR) between public transport travel time and car travel 

time. Thus it can be analyzed which values of CTTR allow to achieve certain level of public 

transport patronage.  

This methodology has been applied to the Madrid Metropolitan area. We have defined 3 

areas, according to urban density and public transport supply. Trips between those areas have 

been studied and the CTTR value has been appraised for all o/f pairs and all public transport 

chains.  

It can be concluded that unimodal public transport trips can compete with car trips and keep a 

high level of patronage if they have a trip time no longer than 50% of those trips by car. 

Moreover, public transport chains cannot increment trips time so much, because then car 

profit from its lower travel time. 
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1. INTRODUCTION 

 

Multimodal trips are important to assure accessibility in metropolitan areas where different 

public transport systems are in operation. Murray et al (1998) defines accessibility as the 

suitability of the public transport network to get individuals from their system entry point to 

their system exit location in a reasonable amount of time. This article will question and 

investigate what is a reasonable amount of time thanks to a modeling approach developed in 

the Madrid case. Therefore, an integrated public transport network should offer a higher level 

of accessibility to the metropolitan area, making a reduction in car use possible. However, 

multimodal trips may lead to detours, which will increase travel time (Keijer, M. & Rietveld, 

P., 1999). Thus, users of public transport services may choose car for their trips because of a 

lower travel time. Hence, it is important to assess the upper time value which makes people 

change to private transport and then to assess the existence of time constraints for multimodal 

trips. 

Time use and travel surveys from numerous cities and countries throughout the world suggest 

that the travel time budget is approximately 1.1 hours per person per day (Shafer, A., 2000). 

Regardless of that value, people dedicate a limited time to their daily trips, so multimodal 

trips are penalized because they are usually longer than unimodal trips. Moreover, access and 

egress for each leg and waiting times bear less use of public transport (Krygsman, S., 2004).  

Therefore there is a problem with travel time in public transport chains to keep their 

competitive performance level against cars. The detours induced by multimodality are hardly 

solved. Transport planners must reduce transfer time by improving seamless mobility: better 

public transport connections at interchange points. It means to improve accessibility by means 

of transportation through physical design and coordination of timetables. 

The argumentation of this paper is structured as the following: in a first step (section 2) we 

define the methodology we use to compare travel time in public transport trips with travel 

time in car trips defining a “comparative travel time ratio” (CTTR), then socioeconomic 

issues and mobility behavior in Madrid region are briefly described (section 3), allowing us to 

analyze the public transport trips in the different o/d pairs (section 4). We conclude on the 

existence of time constraints in multimodal trips which are making those trips less 

competitive than car trips (section 5). 

This methodology has been applied to the Madrid Metropolitan area. We have defined 3 

areas, according to urban density and public transport supply: the municipality of Madrid, 

which is divided into two zones: the central business district (CBD) and the Periphery. The 

third area is the Metropolitan ring, which covers majors municipalities of Madrid`s region. 

Trips between those areas have been studied and the CTTR value has been appraised for all 

o/d pairs and all public transport chains. 

In the CBD, it can be seen that the CTTR value of metro and urban bus unimodal trips is 

approximately 1.5. This value seems to be quite good because those trips have an important 

patronage (32.1% and 24.6%). Unimodal trips between the CBD and the Periphery have 
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similar patterns. Instead, CTTR value for multimodal trips are close to 2, and their patronage 

is quite lower than the unimodal trips (less than 6%). Finally CTTR value for multimodal trips 

in the Metropolitan ring vary between 2.5 and 4, which explain their low public transport 

patronage. CTTR value for unimodal trips (metro and suburban buses) are close to 1.5, so 

they have a good share of demand (5% and 15%). Anyway, car trips are dominant in the 

Metropolitan ring (75%). 

 

 

2. HOW TO MEASURE TRAVEL TIME CONSTRAINTS IN PUBLIC 

TRANSPORT 

 

It is necessary to assess if a specific public transport option could be a real alternative to car 

mobility. 

In this article, a ratio between public transport travel time and car travel time, to simplify, 

“comparative travel time ratio” (CTTR) is defined. Thus, it can be seen how many times 

public transport travel time is higher than car travel time: for example, average travel time for 

metro trips inside the CBD is 29.6 minutes, while average travel time for car trips is 21.8 

minutes, so CTTR value for metro trips is 29.6/21.8 = 1.36. (Table 1) 

 

Table 1: Average travel time for trips, in minutes. Monomodal trips and multimodal chains 

Origin Destination 
O/D 

pair 
Metro  

Urban 

Bus 

Suburban 

Rail 

Suburban 

Bus 

Metro 

+ 

Urban 

Bus 

Suburban 

Rail + 

Metro 

Suburban 

Bus + 

Metro 

Suburban 

Rail + 

Suburban 

Bus 

Suburban 

Rail + 

Urban 

Bus 

Suburban 

Bus + 

Urban 

Bus 

Car 

CBD 

CBD 1 29.6 31.0 34.2 - 42.7 42.3 75.3 - 36.1 - 21.8 

Periphery 2 40.2 37.1 40.3 44.0 53.1 47.7 53.3 45.0 52.5 47.9 27.6 

Metropolitan 

ring 
4 57.6 33.9 53.4 51.0 56.6 62.7 66.9 64.9 67.0 63.4 38.8 

Periphery 

CBD 2 39.0 36.5 38.9 37.5 51.8 48.9 52.8 - 49.6 52.1 28.1 

Periphery 3 42.0 28.5 48.9 30.9 58.4 57.6 61.9 50.8 58.6 54.3 20.8 

Metropolitan 

ring 
5 62.7 44.0 52.4 41.7 66.5 66.2 74.2 70.2 68.8 67.1 33.5 

Metropolitan 

ring 

CBD 4 57.6 35.4 54.0 46.8 55.5 62.5 64.7 62.7 59.8 61.3 41.8 

Periphery 5 59.0 24.1 52.2 40.2 66.4 63.7 73.5 70.0 68.2 59.7 35.2 

Metropolitan 

ring 
6 29.3 - 49.0 29.3 51.6 54.8 56.0 67.0 58.9 53.1 18.3 

Source: CRTM compilation based on data from Madrid`s household mobility survey (CRTM, 2006) 

 

Travel time of different public transport chains and car travels have been obtained from 

Madrid`s household mobility survey (CRTM, 2006). In this survey, 34,942 households were 

interviewed and 84,317 persons from those households were asked about their trips in a 

working day. 

In almost all cases, public transport travel time is longer than car travel time, so the CTTR 

value is bigger than 1. There are some cases for urban bus where travel time is smaller than 
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car, so CTTR has a value between 0 and 1, but these cases are not meaningful, because in 

these cases, urban bus services are offered in the Metropolitan ring and they are very low. 

Once the ratios for all public transport chains have been calculated, these ratios are compared 

with the patronage of each public transport chain for each o/d pair defined in the study, with a 

simple lineal regression. Therefore, it is possible to assess if there is a relation between the 

ratio (travel time constraints) and the number of trips for each public transport chain. 

With this simple methodology, it can be analyzed, for each o/d pair, which public transport 

chains have the better relation between CTTR value and mobility patronage, so it can be seen 

which are more competitive against private car. Also, for each public transport mode, the 

evolution of the CTTR values along the different areas of the region can be studied. 

 

 

3. MADRID METROPOLITAN AREA CASE STUDY: STRUCTURE AND 

MOBILITY PATTERNS 
 

Madrid is the capital city of Spain. It is a city of 3.1 million inhabitants, surrounded by its 

Metropolitan ring with a population of 2.3 million. Demographic density and job distribution 

varies considerably (Table 2). These differences have substantial effects on mobility patterns: 

the high density of jobs in the CBD generates trips from the Periphery and the Metropolitan 

ring to the CBD. In the Metropolitan ring there are trips with no relation with the municipality 

of Madrid, as Metropolitan ring is getting more importance in the whole Metropolitan area, 

because population and jobs growth. 

 

Table 2: Social Indicators. Madrid metropolitan area, 2004 

 Inhabitants Surface area 

km
2
 

Density 

inh/ha 

Jobs Jobs/1,000 

inh 

Madrid 

municipality 

CBD 1,018,732 42 243 959,877 942 

Periphery 2,116,513 564 38 815,648 385 

Metropolitan Ring 2,328,494 2,086 11 893,982 384 

Total   5,463,739 2,692 20 2,669,507 489 
Source: Madrid`s household mobility survey (CRTM, 2006) 

 

Figure 1: Madrid Metropolitan area zones 
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The use of the different transport modes is rather different between Madrid City and its 

Metropolitan ring (Table 3). Public transport is the most important transport mode in the 

denser central city districts whereas car use is dominant in the suburbs. Madrid City has a 

good mobility performance rating but car trips are increasing at a faster rate than trips by 

public transport or on foot: 45.6% growth for car trips versus 31.7% for public transport trips 

between 1996 and 2004 (CRTM, 1998 and CRTM, 2006). Car trips predominate in the 

Metropolitan ring and its volume is growing very rapidly, which is a clear threat for the future 

(Bamberg, S, 2003). 

 

Table 3: Trips by o/d pairs. Madrid metropolitan area, 2004 

  
Inside CBD 

(o/d pair 1) 

CBD-

Periphery 

(o/d pair 2) 

Inside 

Periphery 

(o/d pair 3) 

CBD-

Metropolitan 

ring (o/d pair 

4) 

Periphery-

Metropolitan 

ring (o/d pair 

5) 

Inside 

Metropolitan 

ring (o/d pair 

6) 

Total 

Public Transport 745,841 1,342,608 830,191 510,629 422,788 547,757 4,399,814 

Car 260,464 541,734 914,384 355,243 665,707 1,679,878 4,417,411 

Other motorized 

trips* 
294,976 180,147 86,015 17,655 11,195 26,422 616,410 

Total analyzed 1,301,281 2,064,489 1,830,590 883,527 1,099,690 2,254,057 9,433,635 

* Taxi and motorbike trips 

Source: in-house compilation based on data from Madrid`s household mobility survey (CRTM, 2006) 

 

In this article, trips for all o/d pairs (6 in total), which are indicated in Table 3, are analyzed. 

Public transport trips (Madrid urban bus, metro, suburban bus and suburban rail) and car trips 

are studied. Taxi and motorbike trips are not part of this analysis. Total motorized trips in 

Madrid Region are 10,064,831. Trips which have origin or destination in rest of Madrid 

Region have not been analyzed in this study. Those trips represent 6% of total motorized trips  

 

 

4. TRAVEL TIME CONSTRAINTS IN PUBLIC TRANSPORT 

 

In the following figures, different transport modes are represented with letters: b for urban 

bus, m for metro, B for suburban bus, r for suburban rail and a for car. If we are studying a 

multimodal chain, it is used a combination of two letters: for example, if there are metro + 

urban bus trips, they are indicated as mb. Trips with more than two stages have not been 

analyzed in this article, because they are not meaningful. 

Some of the multimodal chains could appear twice in the same figure. The reason is that the 

o/d trips and the d/o trips have been taken into account. So, if we are talking about trips 

between the CBD and the Periphery, also we are analyzing trips between the Periphery and 

the CBD. This occurs also in o/d pair 4 (CBD-Metropolitan ring trips and Metropolitan ring- 

CBD trips) and o/d pair 5 (Periphery-Metropolitan ring trips and Metropolitan ring-Periphery 

trips). 

Firstly, all trips for each o/d pair are analyzed and then, in a second step, we study separately 

each public transport mode. 
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It can be seen (Figure 2) that urban bus and metro monomodal trips inside the CBD (o/d pair 

1) have a good patronage (25 and 30%) and their CTTR values are 1.4. Also, CTTR value for 

metro + urban bus multimodal trips is near to 2, and its patronage is very low (1%). 

Monomodal suburban rail trips are not significant because there are only two lines which 

cross the city centre. It is very clear that, as CTTR value is getting higher, the level of public 

transport patronage is going down. 
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Figure 2: Comparative travel time ratio. Trips inside CBD 

Source: in-house compilation based on data from Madrid`s household mobility survey (CRTM, 2006) 

 

In Figure 3, CTTR value for trips between the CBD and the Periphery (o/d pair 2) is shown. 

We show that monomodal trips for urban buses and metro have very high patronage (20 and 

35%) and their CTTR values are lower than 1.5. Multimodal trips, which in this case include 

also combinations with suburban bus and suburban rail, have a CTTR value between 1.75 and 

2 and their patronages are lower than 5%, excepting metro + urban bus trips, which have a 6% 

of patronage. Monomodal suburban bus and suburban rail trips are not significant, because 

the service offer is limited within the limits of Madrid´s municipality. Also in this case we can 

see that lower CTTR values higher public transport level of patronage  
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Figure 3: Comparative travel time ratio. Trips between CBD and Periphery 

Source: in-house compilation based on data from Madrid`s household mobility survey (CRTM, 2006) 
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Looking at trips inside the Periphery (o/d pair 3) (Figure 4), it can be seen that urban buses 

trips have a CTTR value lower than 1.5 with a patronage very high (near 25%). Metro trips 

have a CTTR value of 2 and a half of urban buses patronage (12%). Instead, multimodal trips 

have a CTTR value between 2.5 and 3 and they have a patronage lower than 2%, excepting 

again metro + urban bus trips, which have a 4% of patronage. As it has been said, suburban 

bus trips and suburban rail trips inside the municipality of Madrid are not significant. In this 

case we can see the same trend shown in the two previous cases. 
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Figure 4: Comparative travel time ratio. Trips inside Periphery 

Source: in-house compilation based on data from Madrid`s household mobility survey (CRTM, 2006) 

In Figure 5, CTTR value for trips between the CBD and the Metropolitan ring (o/d pair 4) is 

shown. It is important to say that the range of trips patronage is 5 times lower than trips 

patronage inside the CBD or between the CBD and Periphery. Car trips patronage is higher 

here than in previous o/d pairs (40% against 20% inside the CBD and 26% between the CBD 

and the Periphery). It can be seen that there are some multimodal chains with a CTTR value 

near to 1.5 but not one of them has an important patronage, except suburban bus + metro, 

which reaches the 15% of total trips. The sum of the other multimodal chains (suburban rail + 

metro and suburban bus + metro) is 25% of total trips. Urban buses are not significant in this 

o/d pair. The trend in this case is not as clear as in previous cases. 
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Figure 5: Comparative travel time ratio. Trips between CBD and Metropolitan ring 

Source: in-house compilation based on data from Madrid`s household mobility survey (CRTM, 2006) 
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Trips between the Periphery and the Metropolitan ring (o/d pair 5) (Figure 6) have a similar 

behavior than trips between the CBD and the Metropolitan ring, so there is not a very clear 

trend. The difference is that public transport modes patronage is lower and CTTR values are 

higher. Car patronage reaches 61%. Monomodal suburban bus trips have an 8% and a CTTR 

value lower than 1.3. Urban bus trips are not significant. 

b

m

b

r

B

0%

2%

4%

6%

8%

10%

0,60 1,00 1,40 1,80 2,20

p
at

ro
n

ag
e

Comparative travel time ratio CTTR

Trips between Periphery and Metropolitan ring 
(5)

Metropolitan trips

 

Figure 6: Comparative travel time ratio. Trips between Periphery and Metropolitan ring 

Source: in-house compilation based on data from Madrid`s household mobility survey (CRTM, 2006) 

 

Finally, in Figure 7, trips inside the Metropolitan ring (o/d pair 6) are shown. It can be seen 

that metro trips and suburban bus trips have CTTR values near to 1.5, and their patronage are 

quite good (5% and 15% respectively). The different multimodal chains have a CTTR value 

very high, between 2.5 and 4 and very low patronage (lower than 2%). It seems that 

multimodal trips are penalized because they have CTTR value very high. 
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Figure 7: Comparative travel time ratio. Trips inside Metropolitan ring 

Source: in-house compilation based on data from Madrid`s household mobility survey (CRTM, 2006) 
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In the following figures (Figures 8, 9, 10 and 11), patronage values has been evaluated taking 

into account the total trips made in Madrid´s metropolitan area. 

For Madrid urban buses (Figure 8), it can be seen that in o/d pairs where service is offered 

(o/d pairs 1, 2 and 3), the CTTR value is between 1.35 and 1.5 and patronages are 3%, 2% 

and 4.5% respectively. It appears that there is relation between low CTTR values and high 

patronages in these three o/d pairs. In o/d pairs 4, 5 and 6, service offered is not too 

significant, so there is no sense to analyze it. 
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Figure 8: Comparative travel time ratio. Urban bus of Madrid Trips 

Source: in-house compilation based on data from Madrid`s household mobility survey (CRTM, 2006) 

Metro offers service in the same o/d pairs as urban buses does (o/d pairs 1, 2 and 3) but also 

in o/d pair 6, where is Metrosur (Line 12 of the metro network). It can be seen (Figure 9) that 

monomodal metro trips patronage decreases as CTTR value is getting higher. In o/d pairs 4 

and 5, metro trips are not significant, because there is not so much service offer in those areas. 

For o/d pair 6, CTTR value is not very high but there is a low patronage (1%) because only 

one line is provided in the Metropolitan ring. It seems not to be a clear trend in metro + urban 

bus trips: patronage value is getting higher but CTTR values decreases only between o/d pairs 

1 and 2. 
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Figure 9: Comparative travel time ratio. Metro trips 

Source: in-house compilation based on data from Madrid`s household mobility survey (CRTM, 2006) 
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In Figure 10, we see that our analysis shows that suburban buses supply is significant in o/d 

pairs 4, 5 and 6. Also, it is shown that suburban buses + metro trips patronage decreases as 

their CTTR values are growing (0.7% for trips between the CBD and the Metropolitan ring, 

0.4% for trips between the Periphery and the Metropolitan ring and 0.2% for trips inside the 

Metropolitan ring). There is no trend in monomodal suburban trips: patronage values are 

increasing in o/d pairs 5 and 6 but CTTR values are not decreasing in those o/d pairs. 
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Figure 10: Comparative travel time ratio. Suburban bus trips 

Source: in-house compilation based on data from Madrid`s household mobility survey (CRTM, 2006) 

 

Finally, for suburban rail trips (Figure 11) it can not be seen any trend for monomodal or 

multimodal trips: the highest value for unimodal trips is in o/d pair 6 but CTTR value is also 

the highest. In pairs 2 and 3, patronage values are similar, but CTTR is 1.50 in o/d pair 2 and 

2.40 in o/d pair 3. Only between o/d pairs 4 and 5 there is a decrease of patronage value as 

CTTR is getting higher.  
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Figure 11: Comparative travel time ratio. Suburban rail trips 

Source: in-house compilation based on data from Madrid`s household mobility survey (CRTM, 2006) 
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5. CONCLUSION  

 

In most of the o/d pairs, it can be seen that for monomodal public transport trips, CTTR 

values are low and patronages are significant. Also, it can be seen that CTTR values are near 

to 1.5 or less when patronage is very important, so, on the basis of our analysis, we can 

conclude that a public transport trip can last more than 50% as car trips and still be 

competitive to users. 

For multimodal trips we have a different situation: CTTR values for public transport trips are 

usually bigger than for monomodal transport trips, except in o/d pairs 4 (CBD and 

Metropolitan ring) and o/d pair 5 (Periphery and Metropolitan ring), where CTTR values are 

near to 1.5. In some o/d pairs, CTTR values are even close to 3 or 3.5. The main conclusion of 

our analysis and computation is that the multimodal trips are penalized because these trips do 

not have very significant patronages. It must be said that in o/d pair 4 there are some 

multimodal chains (i.e: suburban rail + suburban bus, suburban bus + urban bus or suburban 

rail + urban bus) with a CTTR values near to 1.5 and the sum of all of them have an important 

patronage in the o/d pair. In o/d pair 5, some multimodal chains (i.e: metro + urban bus, 

suburban rail + metro or suburban bus + metro) have a CTTR value near 2 and the total sum 

of their patronage is high. 

If we analyze the trend of CTTR value for the different public transport modes in the o/d 

pairs, we can see how it increases as long as we are closer to the Metropolitan ring and public 

transport patronage is getting lower. This is very clear for urban buses and metro monomodal 

trips and suburban buses + metro trips. In other cases, trend is not so clear, especially for 

suburban rail trips. So, when public transport network has a low density and distances 

between travel origin and destination are longer (Table 4), public transport cannot to compete 

with car. 

 

Table 4: Estimated average distance of trips (km) 

Type of trip  
Public Transport Car 

Urban* Metropolitan** Urban* Metropolitan** 

Average distance of trip (km) 7.5 21.9 8.1 16.5 

*o/d pairs 1, 2 and 3 trips 

**o/d pairs 4, 5 and 6 trips 

Source: estimated based on data from CRTM model, EMME/2 

 

So, if CTTR values are between 1.5 and 2, public transport services seems to be competitive 

and travelers assume it as reasonable. In this manner, transport planners and transport 

authorities must take this into account to offer an attractive service: punctuality, lower transfer 

times, timetable coordination between different public transport modes… All of these 

improvements will help to promote public transport by making competitive public transport 

on car with lower travel time. 
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